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NATICXAL A%ONAUTICS 

RESEARCH MEMoRAImJM 

for the 

Bureau of Aeronautics, Department of the Nav 

FRECSPINNING CHARACTERISTICS OF A &-SW&E MODEL 

OF THE DOUGLAS AD-2W AIXPIXNE 

TED NO. RACA DE329 

By Richard P. White 

An investigation has been conducted in the Langley 20-foot 
free-spinning tunnel to determine the spin and recovery characteristics. 
of the Douglas AD-2W airplane which has a large radome installation. 
Spin tests were performed with a &-mxle model simulating the normel 
gross weight of the airplane. 

The results indicate that the AIL2W airplane will have satisfactory 
erect aa inverted spin-recovery characteristics. A comparison of the 
results with those obtained for spin tests of a'model of similar design, 
the Douglas XBT2D-1 airplane, showea that the radome installation on the 
subject model had little effect on the spin-recovery chezacteristics. 

IN'IRODUCTION 

At the request of the Bureau of Aeronautics, Department of the Navy - 
free-spinning wind-tunnel tests have been performed in the Langley 20-foot 
free-spinning tunnel to determine the spin and recovery characteristics 
of the Douglas AD-2W airplane. The AD-2W airplane is essentially the 
Douglas XBT2D-1 airplane, a model of which had previously been spin tested 
in the Langley 20-foot free-spinning tunnel (reference 1) plus a large 
bulbous appendage secured beneath the fuselage known as a "radome," a 
canopy extension, aa a slightly increased rudder area. The radome is 
located beneath the fuselage between the engine cowl end the trailing 
edge of the wing as shown in figure 1. The weight and moments of inertia 
for the AD-2W have been increased over those of the XXK?D-1 and the center 
of rga-vit.y has been moved further rearward. 

UNCLASS!FlED 
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Direct and inverted spin and recovery tests were performed with the 
model simulating the normal @oss;wei&t loading of the airplane for 
lzlaximum aa intermediate control deflections. 
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wing span, feet 

wing area, square feet 

mean aerodynamic chord, feet 

ratio of dist5nce of center of gravity re asward of leading 
edge of mean aerodynamic chord to mean aerodynamic chord 

ratio of distance between center of gravity and thrust line 
to mean aerodynamic chord (positive when center of gravity 
is below thrust line) 

ma5s of air-plase, slugs 

air density, slugs per cubic foot 

relative density of airplane 
@=&I 

moments of inertia about X-, Y-, and Zbody axe5, 
respectively, slug-feet2 

inertia yawinwoment parameter, 

inertia rollingrnoment paremeter 

inertia pitchinvment pssameter 

engle between thrust line end vertical (approx-mtely equal 
to absolute value of angle of attack at plane of symmetry), 
degrees 

en&e between sp&n axis and horizontal, degees 

full-5cale true rate of descent, feet per second 

L ____._ _~ _~ ._ ~_..-. .--_- .- -. ._ __.._.. .- --..- ._ 
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cl full-scale angular velocity about spin axis, revolutions 
per second 

. . 
l . : . . . . . 

helix angle, angle between flight path and vertical, 
degrees (For this model, the average ab3olute value of 
the helix angle wa3 approximately 3.5O.l 

approximate angle of sideslip at center of gravity, degrees 
(Sideslip is inward when inner wing is down by an amount 
greater than the helix angle.) 

The model used for the current tests ~7x3 the k-scale model of the 
XEYIZD-1 airplane which had been used for the tests reported in reference 1. 
It was modified to represent in mass and dimensions a 21 L-scale model of 
the AD-2W airplane. The canopy, however, was not altered inasmuch as it 
is generally believed from spin-tunnel experience that the effect of a 
canopy on the spin-recovery characteristics of as airplane is negligible. 
A'photograph of the model as tested is shown as figure 2 and the 
dimensional characteristics are given in table I. 

The model was ballasted to simulate dynamically the AD-2W airplane 
at an altitude of lfj,OOO feet (p = 0.001496 slug per cubic foot) and a 
remote-control mechanism was installed in the model to actuate the 
control3 for recovery tests. Sufficient hinge moments were exerted on 
the rudder during recovery tests to ensure its full and rapid movement. 

Wind Tunnel and Testing Technique 

The model tests were performed in the Langley 204oot free-spinning 
tunnel in a manner similer to that described in reference 1. The testing 
procedure and technique for obtaining and converting the data to full- 
scale values were the same as those used in reference 1. 

I ‘ 

-= l?RECISION 

The model test results presented herein are believed to be the 
true values given by the model within the following limits: 

-. 
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a.degrees ............................. fl 
#,degrees ............... . ............. ti 
V,percent .............................. k5 
Q,percent ............................. zt2 

Turns for recovery: 
When obtained from film records . . . . . . . . . . . . . . . . . -l-l 

-r 
When obtained visually . . . . . . . . . . . . . . . . . . . . . . &$ 

The preceding limits may have been exceeded for certain spins in 
which it was difficult to handle the model in the tunnel because of the 
high rate of descent or because of the oscillatory nature of the spin. 

Comparison between spin results of airplanes snd their corresponding 
models (references 2 and 3) indicates that spin-tunnel results are not 
al~q~3 in complete agreement with full-scale spin results. In general, 
the models spin at somewhat smaller angles of attack with higher rates of 
descent and with 5' to 10' more outward sideslip than their full-scale 
counterpmts. The comparison made in reference 3 showed that approximately 
80 percent of the model recovery tests predicted satisfactorily the 
corresponding airplane turns for recovery while 10 percent underestimated 
and 10 percent overestimated them. 

Because of the impracticability of exact ballasting, the measured 
weight and mass distribution of the model varied from the true scaledaowll 
values by the following amounts: 

'GJeight, percent ............................ 0 
Center-of-gravity location, percent 5 ............ 1 fonTma 

IX, percent ............... 15 high 
Moments of inertia 

I 

I$:, percent ............... 22 high 
Iz, percent ................ 16 high 

The limits of accuracy of the measurements of the mass characteristics 
are believed to be: 

Weight, percent ........................... fl 
Center-of-gravity location, percent C ............... ti 
Moments of inertia, percent ..................... It5 5 
The controls were set with an accuracy of &lo. 

TEST COI?DITIONS 

The mass characteristics and inertia parameters for the normal gross- 
weight loading of the AIWW airplane and for the equivalent loading 
tested on the model are listed on table II and plotted on figure 3. For 
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comparison, the corresponding values for the XEKED-1 airplane are also 
given. As discussed in reference 4, figure 3 can be used in predicting 
the relative effectiveness of the controls on the recovery cheracteristics 
of airplanes. 

For the tests, tie 
e 

meximum control deflections used were: 

Rudder, de.&ees .... ; ........... '. .. : 25 right, 25 left 
Elevator, degrees ................... 25 UP, 15 d07.m 
Ailerons, degrees . . ................. 12 up, 12 down 

The intermediate control deflections used were: 

Rudder deflected kc-thirds, degrees . . . . . . . . . . . . . . . . 1% 

Elevator deflected two-thirds up, degrees . . . i . . . . . . . . . . 11.62 
Ailerons deflected one-third, degrees . ., . . . . . . . . . .4 up, 4 do2 

The tail-damping'power factor of the AIHW airplane was celylated 
by the method described in reference 5. 

For all tests reported herein, the landing flaps were neutral, the 
landing gear retracted, and the cockpit canopy closed. 

RESULTS MD DISCUSSION 

Erec;t Spins 

The results of the spin tests simulating the AD-2W airplane in its 
normal gross-weight loading (loading 3 on table II end fig. 3) are 
presented on chart 1. !l?he,model data are presented in terms of the 
full-scele vehes for the airplane at a test altitude of 15,000 feet. 
The tests were performed for both6right end left spins but only the 
results of the right spins, which yielded slightly conservative results, 
are presented. The results indicate that the spin-recovery character- 
istics of the AD-2W model are satisfactory. For the no&t&t.-ontrol 
configuration for spinai 

T 
(elevator full up, ailerons neutral, end 

rudder full with the spin 'the A&2W model spun at a moderate attitude 
and recovered in 1 turn or less upon full rapid rudder reversel. For 
the "criterion" spin (elevator two-thirds up, ailerons- one-third against 
the spin) recovery was effected in l~ixrns when the rudder was reversed 
from full with the spin to only two-thirds against the spin. Aileron- 
against control settings were found to have a slightly adverse effect 
on the recovery characteristics, particularly when the elevator setting 
was neutral or down. 

_... -._. --- _- ~. ._ - _ -~ _- .-- .^ I 
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Comparison of the data.on chart 1 with the results obtained on the 
XBT2D-1 model in its normal loading (loading 2 on table II and fig. 3) 
as presented in reference 1 shows generally good agreement between the 
results of the models. This comparison shows, therefore, that the 
radome installation of the AD-2Tr had very little effect on the spin and 
recovery characteristics of the airplane. 

Inverted Spins 

Brief inverted spin tests were performed on the model. These 
results, not presented in detail in this report, showed the model to 
have satisfactory inverted spin-recovery characteristics and the reslults f 
were similar to those presented in reference 1. 

Recommended Recovery Technique 

On the basis of the test results the use of the following spin- 
recovery technique is recommended: 

For erect spins, the stick should be held full back end laterally _ 
neutral. The rudder should be reversed fully and rapidly against the 
spin. When reversing the rudder, extreme care should be exercised to 
avoid entering a spin in the opposite direction after recovery. 
Approximately l/2 turn after rudder reversal, the stick should be 
moved forward of neutral. 7n. moving the stick forward, cere should be 
exercised to avoid excessive rates of acceleration in the ensuing 
recovery dive. 

For inverted spins, the rudder should be reversed rapidly against 
the spin and the stick should be neutralized (laterally end longitudinally). 

CONCLUSIONS 

. - ~--.--- .~- ._ __ _._,.- .__~^ ~_ ^.I - __ ...~~_~.__. . . -- -~ --- --- 

On the basis of the results of free-spinning tests of a &-scale 
model of the Douglas AD-2W airplane and a comparison of these results 

with the results obtained for spin tests of a &-scale model of the 
Douglas XBE?D-1 airplane, the following conclusions regarding spin and 
recovery characteristics have been made: 

1. The erect and inverted spin-recovery characteristics of the 
AD-2V airplene will be satisfactory. 
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2. The radome instellation had very little effect on the spin and . 
recovery characteristics of the airplane. 

. . . 
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TABI;E I.- DlW&ONAL CHARAC!PERISTICS OF 'I53 AD+W.AJRP- 

Lengthover+ll.ft ........................ 39.64 
Propeller diameter, ft- ...................... 13.5 
Propeller, number of blades .................... 4 

wing: 
span,ft ................... 
Area.sqft .................. 
Section, root .... L ............. 
Section, tip .................. 
Incidence: 

Root,deg .................. 
Tip,deg .................. 

Dihedral,deg. ................ 
Mean aerodynamic chord (c), in. .... 
Leading edge of mean aerodynamic c~ord*rkward 

leading edge ofw-ing, in. .......... 

......... 50.19 

......... 400.3' 

....... NACA 2417 

....... NACA 4413 

. . . . . . . . .  3.75 

......... 0.25 
. . . . . . . . .  6 

if* 
. . . . . .  100.05 

....... -.* 14.125 

Ailerons: 
Areaaftofhingeltie, sqft . . . :. . . . . . . . 
Hinge line to trailing edge (outboard tip>, perceni of'chok' . . 

33.4 
19.0 

Span, percent of wing span . . . . . . . . . . . . . . . . . . . 24.3 

Horizontal tail surfaces: 
Total area, sqft ....................... .86.97 
span, ft ............................ 
Elevator area (aft of hinge l.ine), sq ft 

lg.83 
............ 22.3 

Distance from normal center of gra@ty to the elevator 
hingeline,ft ........................ 22.3* 

Section, modified ..................... NACA 0012-64 

Qerticel tail surfaces: 
Offset,deg(leadine:edgetoleft) ............... 3 
Total area, sqft ........................ 
Total rudder erea (aft of hinge line), 'sq ft 

39.9 

Distance from norm@ center of gravity to ruddk 
......... 19.66 

hingeline,ft ........................ 23.6 
Section ................... Modified NACA 0012 end 13 

Tail-damping power factor . . . . . . . . . . . . . . . . . . 737 x  lo4 

p$qT 

__. ,_ .^ _ - -- _-_ 



TABLJZ II.- MASS AND lXEXTIA CHARAcIlERISTICS FOR LCADING CORDITIOMS OF TH!Z 

DOUC;LAS~W~XBT2D-1AlRPLANESANDFORTHELOAD~GTESTED 

ON THE &-SCALE MODEL OF TEE AE-QW 

[Model value13 given a8 correepmcling full-f1ceL3 veluee; momentif--inertia valuef3 
me about the center of gravity7 - . 

Number Loading Wel&t 
(lb) 

16,154 16.7~ 

Airplane 
relative 

density, p 
Moment0 of inertia Inertia pesameters 

15,000 Sea 
ft X/E z/c =X =Y IZ 

5 - I& Ix - Ilr 
level 

Iz - 5 
mb* ,b2 rnb2 

Airplane 

15,558 16.07 

10.50 0.2% 

-I- lO.ll ,215 

0.053/16,060(2~,634~40,~60 / -92x10+9~10~ /191x10-4 

-.07 114,831) 25,647) 36,616 1 -90 

Model 
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CHART l.- SPIN AND HECOVEHY CHARACl!~ISTICS OF THE &-SCALE NODEL OF THE DOUGLAS AD43 
AIRPLANE 

, @orma gross weight lcadlng (loading 3 on table II and figure-3); landing gear retracted; 
cockpit canopy closed; recovery attempted by rapid full rudder reversal except as othenrlse 
indicated (recovery attempted from, and steady-spin data presented for, rudder-with spins); 
right erect splng 

1 

Ii-l 
45 4u 

PI 24s 0.32 t* l it0 2u w _..A - 
Ailerons 

I 
L2 1D --l-- 

IO.3 229 

$9 l 38 2D 

3 
2u 0.37 

al al 4’ 
Ailerons 
l/j with 
Elevator 
213 UP 

a2 6~ 

H 24g 

6 

I I  I  I  I  I  

67 1 1Ul 1% IlU I I I 

2 
8- 

iz 
z z 

fi kc.. 
s, 
2s: 
2,” W- 

II 

36 2u 

254 0.43 

C2& c3 

sHecovery attempted by reversing the rudder 
from full with to 2/3 against the spin. 

bRecoverv attemoted before model reached its 
flnal'soln eitltude. 

'Rode1 recbvers inverted. 

3 347 

,r:odel values 
converted to 
COlTeSpOnPl5g 
full-scale values. 
t Inner wing up 
D lnnef wing dew 

P3 >349 

(d:egl 
Q 

Ideg) 
V . . 

.Fl 1fps) (rps I 

Turns for Turns for 
recovery recovery 

I I 

.~ __ _ ___.. __ _ _ ~. .__ _ ._ ~.-__-..- --._- ._ . ..- -~.~------.------_ -.- . _-~ - 
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Figure l.- Three-view drawing of the * -scale model of the Douglas AD -2W 
21 

airplane with the center -of -gravity location shown for the normal gross- 
weight loading. 



. . WV 
: :.. . 

- . 
. . . . 

. . . 
. 

.: . . . 
:: . . : 

.’ 
. . l - .:.4 

I~‘ip.m? 2.- Tha &-“ dalr! mX.ial df the LIougl2~ AU-2W airplane as t 
spinning tunnel. 

c?s ttd in the Langlc?y ;:O -fchj t fr,>(:- 
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TY -zZ Ret’.. t/ oe mass d.sfr/buf~on 
mb2 mcrmsed along the wngs 

. Q- Mass Darameter for the normal gross-weight loading tested on the 
F1gu~-$J7 model kd for corresponding loading of the airplane and for the 

normal loading of the XEJT2D-1 airplane. (Points are for Loadings listed on 
table II. ) .- 
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